The concentrations of inorganic food additives (nitrite, nitrate, and sulfur dioxide) in foods sold in Japan were estimated by using the results of official inspections in fiscal year 1994 by 91 local governments, representing most of Japan. In total, 16, 236 samples, including 2, 438 imported foods, were inspected. The detection rates of nitrite, nitrate, and sulfur dioxide were 79. 3%, 82. 4%, and 22. 9% of the foods tested. The average concentrations of these inorganic food additives in all samples in which their use is allowed were 22. 4%, 35. 3%, and 54. 1%, respectively, of the maximum permitted levels.
Introduction
Determination of daily intake of food additives is important in order to be able to make comparisons with the acceptable daily intakes (ADIs) prescribed by the Joint FAQ/WHO Food Standard Programmer. International Life Science Institute-Europe organized a workshop to assess food additive intake.
The "Investigation Group of the Daily Intake of Food Additives in Japan" (the Japanese group) has worked for many years to estimate the daily intake of food additives by a market-basket method. Daily intake of food additives has also been reported by the Ministry group calculated the daily intake of food additives from the results of surveillance of the amount of food additives produced and the amounts used by food makers based on the results of a questionnaire survey. Penttila et al. (Finnish group) calculated daily intake in Finland based mainly on analytical results of foods. We have reported the daily intake of five preservatives and four antif ungal agents estimated on the basis of the results of official inspection of foods in markets performed by local governments.
In addition to food additives reported in previous papers8,9), we estimated the mean concentrations of nitrite, nitrate, and sulfur dioxide in commercial foods based on the official inspection data in Japanese fiscal year 1994 and deduced the daily intakes per person from the mean concentrations and amounts of foods consumed
The results obtained in the present study represent the daily intake of residual food additives, while the results obtained by the Japanese group included natural components and the results obtained by the UK group were based on amounts used. The results obtained by the Finnish group were based on a similar method to that used in the present study.
Methods
The methods used were similar to those previously described.
1. Investigation methods and items studied a) Questionnaire A questionnaire on the results of official inspection for food additives from April 1, 1994 to March 31, 1995 (Japanese fiscal year 1994) was sent by the Division of Food Chemistry, Ministry of Health and Welfare of Japan to all 103 local governments in the country.
These local governments are obligated to establish public health centers by the Regional Public Health Law.
b) Items queried Nitrite, nitrate, and sulfur dioxide (sulfites) were investigated in the present study. The names of both imported and domestic foods, the numbers of food samples inspected, the numbers of samples in which these inorganic food additives were detected, the maximum, minimum, and mean concentrations of the inorganic food additives in the samples in which they were detected, and the detection limit of the analysis for each inorganic food additive were recorded. The following inorganic compounds, as nitrite, nitrate, and sulfur dioxide, are permitted as food additives in Japan: sodium nitrite, sodium nitrate, potassium nitrate, sulfur dioxide, potassium pyrosulfite, sodium hydrosulfite, sodium pyrosulfite, potassium hydrogen sulfite solution, sodium hydrogen sulfite solution, and sodium sulfite. The concentrations of sodium nitrite were described as "nitrite", those of sodium nitrate and potassium nitrate were described as "nitrate", and those of other compounds were described as "sulfur dioxide", in accordance with the Japanese Standards for use of these food additives.
c) Sampling of foods and methods of determining inorganic food additives Samples were chosen by food inspectors in markets or factories of food producers according to the yearly program of each local government.
The determination methods prescribed by the Environmental Health Bureau of the Ministry of Health and Welfare were used, i. e., colorimetry for nitrite, colorimetry after cadmium column reduction for nitrate, and an alkaline titration method or colorimetry after distillation for sulfur dioxide14) 2. Analyses of reports from the local governments Data sent from the local governments were classified according to categories of foods in the Japanese Standards for Use of Food Additives. Foods in which these inorganic compounds are not allowed to be used as food additives were categorized according to the "Guide for Categorization of Food"15). Concentrations of these inorganic food additives were calculated as 0 mg/ kg irrespective of detection limits when these compounds were not detected, as described previously.
Calculations and estimation of daily intake
Daily intake of inorganic food additives, nitrite, nitrate, and sulfur dioxide, per person was estimated based on the mean concentrations of these food additives in foods obtained in the present study and the daily food consumption levels reported by the Japanese group and the Ministry of Health and Welfare of Japan When the level of consumption of a food was unknown, 0. 1 g was assumed to be the daily consumption per person, as described in previous reports.
Results and Discussion
Questionnaire return and number of samples
Ninety-six of the 103 local governments (93. 2%), representing most of Japan, i. e., 42 prefectures, 33 cities, and 21 wards, replied to the questionnaire.
Inorganic food additives of nitrite, nitrate, and sulfur dioxide, were inspected by 91 local governments (94. 8% of the 96 local governments that replied). Inspection for nitrite was performed by 85 local governments, for nitrate by 7 local governments, and for sulfur dioxide by 86 local governments.
The total number of foods inspected was 13, 798, and included 2, 438 imported foods (Table 1) . Results obtained in the present study, except for nitrate, should therefore represent highly reliable mean values, since they cover most of Japan and large numbers of samples were tested.
Nitrate is allowed to be used in meat products and whale meat bacon as a color fixative, and in cheese and Japanese rice wine (Sake) as a fermentation moderating agent. However, foods to which nitrate had been added were rare as judged from the labeling (food additives used must be labeled). Only two out of 60 random commercial samples of meat products were labeled as using nitrate, whereas all 60 samples were labeled as using nitrite. The major reason for fewer inspections for nitrate may be that there were no or few samples to which nitrate had been added.
Detection limits
The detection limits of these inorganic food additives are summarized in Table 2 . Although the detection limits are specific to the analytical methods in the case of standard solutions of each compound, they are affected by food components.
The detection limits are occasionally changed to appropriate levels according to the allowable maximum levels for use. The detection limits were set at 0. 001 g/kg for nitrite and nitrate by more than 57. 0% of the local governments that inspected nitrite and nitrate, and The allowable limits of residual sulfur dioxide in foods differ more than 100 times depending on the foods as shown in Table 5 . Some local governments set the detection limit for sulfur dioxide at several different levels depending on the allowable limits. The total percentages of local governments, therefore, exceeded 100%.
Concentration of nitrite in foods
Sodium nitrite is allowed to be used as a color fixative. Nitrite was detected in 4, 603 (79. 3%) out of 5, 808 samples, including some foods in which its use is not allowed ( Table 3) . The detection rate in tested foods in which nitrite is allowed to be used was 69. 7%, and the mean concentration of nitrite was 22. 4% of the limits allowed by the Japanese Food Sanitation Law. The highest detection rate (93. 3%) was observed in whale meat bacon (14 out of 15 samples). The average concentration in tested whale meat bacon was 0. 033 g/kg, and was 46. 7% of the allowable limit (0. 070 g/kg). The concentration of nitrite in meat products was 0. 013 g/kg, corresponding to 18. 9% of the allowable limit (0. 070 g/kg).
Nitrite concentrations in other foods tested were less than 0. 004 g/kg, and low nitrite levels are considered to represent natural ingredients.
Nitrite in Sozai (a kind of precooked food) may be produced from nitrate contained naturally in vegetables.
Concentration of nitrate in foods
Sodium and potassium nitrate are allowed as food additives. Nitrate was detected in 112 out of 136 samples (82. 4%) ( Table 4 ). The detection rate in all foods in which the use of nitrate is allowed was 90. 6%, and the mean concentration of nitrate was 35. 3% of the allowable limit. Nitrate use is allowed in Japanese rice wine (Sake) as a fermentation moderating agent. Although Japanese rice wine is known to contain iiitrate at 0. 0131 g/kg, no samples were inspected in fiscal year 1994. The mean concentration in meat products was 0. 030 g/kg, 42. 7% of the allowable limit (0. 070 g/kg). The nitrate concentration in cheese was 0. 009 g/kg, 4. 6% of the allowable limit (0. 20 g/kg). Nitrate was not detected in 6 samples of salted cod roe and one sample of fish meat sausage.
These foods are not allowed to be used nitrate.
Concentration of sulfur dioxide
Sodium sulfite, sodium hydrosulfite, potassium pyrosulfite, sodium pyrosulfite, sulfur dioxide, potassium hydrogen sulfite solution, and sodium hydrogen sulfite solution are allowed as food additives for bleaching, preservation, and antioxidation in Japan. The allowable concentrations of these compounds are regulated as the total residual amount as sulfur dioxide. Sulfur dioxide, including in the various form of the salts described above, is allowed to be used in all foods except sesame seeds, beans, and vegetables. The Japanese Food Sanitation Law sets separate maximum residual concentrations for 16 kinds of foods, and 0. 030 g/kg as the maximum residual concentration for all other foods (classified as "other foods" in the Law) (see Table  5 ).
Sulfur dioxide was detected in 2, 356 out of 10, 292 samples (22. 9%) (Table 5 ) and the mean concentration was 54. 1% of the allowable limit. The highest sulfur dioxide detection rate (96. 4%) among the 16 kinds of foods in which residual amount is set individually was in wine (591 out of 613 samples). Sulfur dioxide was also detected in a high percentage of dried gourd stripes (Kampyo) (95. 3%), and the mean concentration in tested samples was 39. 7% of the legal residual limit (5. 0 g/kg).
The mean concentration in candied cherries was 5 times higher than the allowable limit (0. 30 g/kg). The sulfur dioxide detection rate in "other foods" was 7. 1% (detected in 463 samples of 6, 492 samples tested), and the mean concentration was 0. 002 g/kg, corresponding to 8. 1% of the limit (0. 030 g/kg). A breakdown of the "other foods" in which sulfur dioxide was detected is also shown in Table 5 . Some samples, such as mannan paste (Konnyaku) and fruits in syrup, contained excessive amounts of sulfur dioxide. Sulfur dioxide was detected in only one sample out of 13 samples of the former, and the concentration was 0. 43 g/kg, 14 times the limit. Only 
Evaluation of inorganic food additive concentrations in foods
The concentrations of inorganic food additives of nitrite, nitrate, and sulfur dioxide, as shown in Tables 3-5 , are not the amounts used in commercial foods, but residual amounts. Some may be over-or underestimated, as described in the previous papers.
In addition to such errors, the results obtained in the present study included the following estimation errors: a) some part of the concentrations originated from natural components in the foods, and b) some foods such as dried gourd strips (Kampyo) and mannan paste (Konnyaku) are always cooked, e. g., by boiling, before being served. The concentrations obtained here were, then, not those in cooked foods.
Nitrite and nitrate are well known to be natural components in a wide variety of foods. Some vegetables contain nitrate at the levels of thousands mg/kg, and nitrate in vegetables is readily reduced to nitrite during storage or fermentation.
However, the concentrations of natural nitrite and nitrate are less than 10 mg/ kg and 2 mg/kg, respectively, in agricultural commodities which are used as ingredients for the processed foods shown in Tables 3 and 4. On the other hand, the presence of low levels of nitrite and nitrate as natural components increased the detection rates of these compounds. Nitrite and nitrate concentrations in the present study are considered to represent the total of the residue of added compounds and the trace amounts from natural components. Both nitrite and sulfur dioxide concentrations were measured in more than 5, 800 sample foods, but nitrate concentrations were only measured in 136 samples.
The results for nitrate are therefore less reliable than those for nitrite and sulfur dioxide and other food additives reported previously because of the small numbers of samples inspected.
The reason for the small inspection number is that few foods to which nitrate has been added are sold in markets. Sulfur dioxide is also known to be present in a wide variety of agricultural commodities at concentrations below 0. 1 mg/kg, except Alleum spp. , which contain sulfur dioxide at levels of 10 -50 mg/kg.
None of the foods listed in Table 5 contain Alleum spp., except one sample of vinegar-pickled garlic. The sulfur dioxide in the foods in Table 5 is therefore considered to represent residual amounts of sulfur dioxide used as a food additive.
Estimation of daily intake of inorganic food additives per person
The daily intake of nitrite, nitrate, and sulfur dioxide has been estimated by two means; by the market-basket method in Japan and on the basis of replies to a questionnaire sent to food and food additive producers in the UK. The method for the estimation of daily intake used by the Finnish group was similar to our method. The original analytical data used by the Finnish group were those published by the National Board of Trade, Finland in 1980. In the present study, we estimated daily intake based on the results of the official inspection by local governments in fiscal year 1994. The data on the daily consumption of foods by the nation estimated by the Japanese group and the Ministry of Health and Welfare were utilized to estimate the daily intake of these inorganic food additives. The Japanese group estimated that 767. 9 g of processed foods is consumed per person per day in Japan. We utilized this value as the total consumption of processed foods in the present study.
Estimated amounts of daily intake of these inorganic food additives per person in the present study were as follows: nitrite, 0. 318 mg; nitrate, 0. 430 mg; and sulfur dioxide 1. 629 mg ( Table 6 ). Foods that contributed most to the daily intake were meat products for nitrite and nitrate (55. 0% and 91. 7%, respectively, of daily intake) and mannan paste (Konnyaku) for sulfur dioxide (28. 0% of daily intake). Estimated daily intakes of nitrite, nitrate, and sulfur dioxide were 10. 6%, 0. 2%, and 4. 7% of ADI, respectively. These daily intakes of inorganic food additives are estimates based on residual amounts of Nitrite 
food additives used, because the natural concentrations of these inorganic compounds in most of the sample foods tested are negligible. Nitrite formed from nitrate in saliva was not included in the results. The estimated daily intake for nitrate is less reliable than for the other food additives, as stated above, and estimated daily intake of these 3 kinds of food additives may be over-or underestimated, as discussed previouslya1.
To compare directly the daily intakes obtained in the present study with the intakes estimated by the Japanese group51, the UK group or the Finnish group is difficult. The results obtained by the Japanese group51, based on a market basket method, included nitrate as a natural component of processed vegetables. The results obtained by the UK group based on a questionnaire to food additives makers and users were basically amounts used. The residual amounts of these inorganic food additives are usually lower than the amounts used. The UK group estimated the sulfur dioxide intake as 92. 7 mg/person/day based on the results of surveillance of the amount of production by food additives makers and the amounts used by food makers, and the estimated result was corrected to 18. 4 mg/person/day based on the determination results of sulfur dioxide in wine and some other foods. Tsuji, et al. 221 reported that daily intakes estimated by a market-basket method were 1. 489 mg for nitrite and 214. 64 mg for nitrate.
They also estimated that the daily intakes of nitrite and nitrate used as food additives were 0. 501 mg and 19. 15 mg, respectively, by subtracting the contents in raw materials from the contents in the processed foods. Table 6 Results in references 7 were obtained by a similar method to that of the present study.
